Early and late selection models of attention disagree about whether visual objects are identified before or after selection, with recent evidence of interference from to-be-ignored stimuli favoring late selection over early selection accounts. However, these tests may not have permitted optimal attentional focusing. In 4 experiments subjects identified an attentionally cued target letter embedded among distractors. Only minimal effects of information appearing in to-be-ignored locations were observed. This striking efficiency of selection provides support for early selection theories and calls into question some late selection theories holding that stimuli throughout the display are immediately and fully identified prior to attentional selection. In order to explain the larger pattern of results across a variety of focused-and divided-attention paradigms, a hybrid model is advanced with a flexible locus for visual selection.
Among the most fundamental questions about the functional architecture of the human visual information-processing system is the locus of selective attention. Of particular importance is whether attentional limitations occur before stimulus identification (as assumed in early selection theories) or after (as assumed in late selection theories). Early selection theories, originally propounded by Broadbent (1958 Broadbent ( , 1971 and forcefully developed by Treisman (1964 Treisman ( , 1969 Treisman ( , 1985 and others (e.g., Kahneman, 1973; Neisser, 1967) , typically have assumed that some preliminary analysis of stimuli into component features can operate in parallel over the visual field. Stimulus identification, however, which requires pattern recognition based on contact with long-term memory, is assumed to require a scarce mental resource that cannot be applied in parallel over multiple stimuli. Selective attention operates to control which stimuli have access to the scarce mechanism that accomplishes identification. Selection is presumed to be based on spatial location or on preattentively available properties (e.g., color or orientation).
Partly as a reaction to the strong forms of early selection theory, late selection theories were advanced. As originally espoused by Deutsch and Deutsch (1963) and subsequently developed by others (e.g., Allport, 1977; Duncan, 1980; Keele, 1972; Morton, 1969; Norman, 1968; Shiffrin, 1975; Shiffrin & Schneider, 1977) , late selection theories typically have assumed that stimulus identification is performed in parallel over the visual field (at least for well-learned patterns such as letters). Attentional limitations are assumed to occur subsequently in selecting which of the identified stimuli will influence current cognitive representations, guide actions, or be stored in long-term memory. Selection is assumed to be based not only on lower level properties but also on object identities that have been computed in parallel, l
In spite of three decades of intensive investigation with a variety of paradigms (including partial report and search tasks), no consensus has yet emerged on the locus of selective attention. The strong forms of early and late selection theories, as summarized above, continue to have their advocates in recent reviews (e.g., Broadbent, 1982 , Johnston & Dark, 1982 , and Kahneman & Treisman, 1984 , for early selection; Duncan, 1980, and Posner, 1982 , for late selection). A variety of intermediate possibilities and hybrid theories have also been advanced (e.g., Johnston & Heinz, 1978; Pashler, 1984; Van der Heijden, 1981; see General Discussion) . Difficulty in achieving closure on the locus of selective attention has not diminished the importance of the issue. It is hard to imagine how even the sketchiest model of the architecture for human visual information processing could be formulated without making assumptions about where attentional limitations operate.
In characterizing the strong versions of early selection and late selection theories, we here follow the historical association of late selection with parallel processing and early selection with serial processing. These strong theories embody simple and elegant assumptions and must therefore be taken seriously until they fail. As Van der Heijden (1981; Van der Heijden, Hagenaar, & Bloem, 1984) pointed out, however, in the larger space of logically possible theories, the issue of limited capacity versus unlimited capacity (which maps closely onto the issue of spatially serial vs. parallel processing) is virtually orthogonal to the question of whether the locus of selection is early or late.
The strong forms of early selection and late selection theories are intended to apply both to divided attention tasks, in which subjects attempt to spread their attention over several sources or stimuli, and to focused attention tasks, in which subjects attempt to restrict their attention to a single source or stimulus. The two classes of theories lead one to expect diametrically opposed patterns of results in the two paradigms. Late selection theories provide a natural account for results suggesting that divided attention is possible (because parallel stimulus identification is usually assumed) and for failures to focus attention (because the influence of identified stimuli in unattended locations provides an account of unwanted intrusions). Early selection theories, on the other hand, provide a natural account for failures in dividing attention (because genuine parallel processing, as opposed to fast switching, is assumed to be impossible) as well as for successes in focusing attention (because an early attentional locus can prevent unattended stimuli from contacting semantic representations).
Several lines of evidence provide support for the existence of late selection in divided attention paradigms. Duncan (1980) provided an analysis of performance in tasks requiring subjects to monitor two locations for a target. The data revealed no loss in d' for monitoring both locations, contrary to the predictions of early selection theories. The substantial loss in d' when targets appear in both locations simultaneously is consistent with late selection theories on the assumption that processing two simultaneous targets requires operations beyond a late selection locus of attention. Miller (1982) and Van der Heijden and his colleagues (e.g., Van der Heijden, La Heij, & Boer, 1983) provided elegant analyses of reaction time distribution from redundant-target paradigms showing that more than one target can contribute simultaneously to stimulus identification. A variety of visual search results have also yielded evidence for parallel preattentive processing of stimulus elements (e.g., Pashler & Badgio, 1985; Shiffrin & Schneider, 1977) .
That attention can be divided effectively speaks only to the question of whether selection after identification is possible; the evidence suggests that it is. In order to determine whether selection must always occur after full identification, further evidence is required demonstrating that people cannot prevent interference or facilitation from items that are to be ignored when the task demands focused attention. In the next section we take up this issue.
Visual Selection in Focused Attention Tasks
The empirical strategy employed in the present experiments was to assess the efficiency of selection by examining the fate of to-be-ignored items in focused attention tasks. Before discussing the logic of this approach, it is useful to distinguish it from two other lines of argument that have been advanced in support of early selection theory, both of which are flawed.
First, one might argue that early selection takes place simply because physical properties, such as color or spatial location, can be used as a basis for selection. These are precisely the kinds of properties that are available preattentively according to early selection theories, so one might presume that early selection had occurred whenever selection was accomplished "on the basis of" color or spatial location. As pointed out by Duncan (1981) , however, the basis for selecting an item says nothing about the level of processing of that item prior to selection. In particular, it does not speak to the question of whether the object had already been identified before it was selected. All that is required, according to late selection theory, is that the physical property "tag" still be linked to the extracted identity.
A second, somewhat more persuasive, argument for early selection theory has been that in the partial report task, the only properties that have been shown to provide a usable basis for selection (i.e., to produce a partial report superiority) are physical properties of the kind assumed by early selection theory to be extracted preattentively, rather than other abstract, postidentification properties, such as alphanumeric class (Sperling, 1960; von Wright, 1968) . Although this argument may deserve some weight, it is not decisive for reasons discussed by Merikle (1980) and Duncan (1981 Duncan ( , 1983 ). The problem is that the operations required to use higher level properties may be more difficult and time consuming than those required to use lower level properties. There is no way to be sure that the absence of a partial report superiority is due to the failure to extract the property at issue prior to selection, rather than the failure to use it rapidly enough after extraction.
Neither of the foregoing lines of argument, then, provides an adequate way to decide between early and late selection theories. The approach we believe has greatest promise is to examine the fate of unattended items in a focused-attention task. In its simplest form, the argument is as follows: (a) Strong late selection theories assert that all stimulus items, even unattended ones, are identified before selection. The identification of items in turn will result in a variety of semantic interactions and/or associations to response codes that influence reaction times either positively--facilitative effects--or negatively--interfering effects (e.g., Allport, 1977; Duncan, 1980; Posner, 1978) . (b) Strong early selection theodes, on the other hand, hold that only rudimentary physical properties are extracted preattentively; identification occurs only after attentional selection. Stimuli whose identities have not been computed will not activate associated semantic representations or response codes and will not yield strong facilitative or interfering effects. Therefore, (c) powerful effects of putatively unselected information constitute evidence against early selection theories, whereas the absence of such effects constitutes evidence against strong late selection theories.
We should note some limitations as to what can be concluded from each result. A finding of substantial interference could mean that early selection does not occur, but it could also reflect what we call attentional leakage. Information from to-be-ignored locations could become available past the locus of selection because of imperfections in the selective process itself (e.g., the spatial extent of the attentional focus encompasses a to-be-ignored object) or the way in which it is controlled (e.g., a subject occasionally mislocalizes a cue). Attentional leakage amounts to a failure to optimally utilize early selection mechanisms, rather than an absence of such mechanisms in the cognitive architecture. It is thus critical to our approach to find a task that maximally promotes the optimal concentration of spatial attention. Then if to-beignored items do have substantial effects, which would support late selection theories, early selection theories will have been rejected under conditions favorable to them.
On the other hand, a finding of no interference effects could mean that late selection does not occur, but it could also mean that activation of the identities of unattended objects does not have the consequences anticipated by classic late selection theory. In particular, activation from to-be-ignored (but identified) objects might fail to spread immediately to the representations of attended objects. Which restricted spreading-activation versions of late selection theory would remain viable is considered in more detail in the General Discussion.
Before proceeding, we should evaluate an alternative approach to the one we have advocated for determining the fate of to-be-ignored items. It has been argued (e.g., Allport, Tipper, & Chmiel, 1985; Driver & Tipper, 1989 ) that failing to observe interference from to-be-ignored items within a given trial does not necessarily constitute evidence against strong late selection theories. Effects of to-be-ignored trial n stimuli on trial n+l performance, according to this view, would demonstrate that the "ignored" stimuli had been processed in trial n after all, which supports a strong late selection account. (This effect has been documented and is known as the negative priming effect or NPE.) The argument goes on to assert that the presence or absence of interference within a trial has no relevance to the inferences one can justifiably make about the degree to which the to-be-ignored stimuli were processed.
This method and the resulting data pattern (NPE) do provide interesting information; they are subject to a different problem, however, that we believe keeps them from meeting our needs. The critical problem is that there is no way to tell whether activation of a to-be-ignored item (as reflected in the NPE) happened (a) while the subject was processing the attended item or (b) later in the trial, after focused attention was relaxed. Because the purpose of focused attention is to facilitate processing the to-be-attended item, then once this is completed, there is no reason not to subsequently process other items in the display. But processing after attention is no longer focused is not relevant to the question of whether tobe-ignored items were identified while attention was focused. In contrast, because our method measures effects of the speeded response to the attended item itself, we can reasonably be sure that any effects of to-be-ignored items had to happen concurrently--that is, while attention was focused.
Thus effects of stimuli that are to be ignored on the identification of attended stimuli constitute important evidence concerning whether efficient visual selection is possible. In the next section, we describe some previous results from tasks requiring stimulus identification in the presence of potentially influential stimuli.
Evidence From the Stroop and Flankers Tasks
Evidence concerning the fate of unattended information is provided by two focused attention tasks, the Stroop colornaming task (e.g., Klein, 1964) and the "flankers" task (e.g., Eriksen & Schultz, 1979) . Extensive investigation with both of these tasks has typically revealed strong effects of to-beignored information. For this reason, both lines of research have been marshalled in defense of the position that effective early selection is not possible, even in focused attention tasks. The standard interpretation of this evidence is that the identities of all items, selected and unselected, are extracted involuntarily and automatically before selection.
Stroop Task
In the standard Stroop paradigm, a letter string printed in colored ink is shown to a subject whose task is to rapidly name the ink color. Responses are slowed if the letters spell a color word that is incompatible with the correct response and are speeded if they spell the compatible color word. In the standard task, the property to be reported (the ink color) and the property to be ignored (the word name) belong to the same object; thus spatial selection is not typically involved. However, Gatti and Egeth (1978) observed Stroop interference even when a color patch to be reported was displayed at fixation and an interfering color word was displayed 5* of visual angle away. When the interfering word is displayed in a to-be-ignored location, Stroop interference amounts to a failure of focused attention--an inability to avoid processing a to-be-ignored stimulus. Results such as Gatti and Egeth's thus support strong late selection theories and present a challenge for early selection theories.
To date, only a small number of Stroop experiments have been used to challenge late selection theories (Francolini & Egeth, 1980; Kahneman & Henik, 1981) . The key difficulty with most versions of the Stroop task, however, is that subjects cannot focus visual attention in advance on a spatial location that contains task-relevant information, so as to block out interfering information appearing in other spatial locations. Either (a) attention is not spatially allocated in advance or (b) the to-be-attended and the to-be-ignored stimuli appear in the same spatial location or, worse, are dimensions of the same object. Either of these features of the paradigm might be expected to prevent optimal attentional selection.
Flankers Task
Advance allocation of attention to a spatial location is a defining feature of the flankers task, the other paradigm in which interference from to-be-ignored information has been reported (introduced by C. W. Eriksen and his colleagues; e.g., Eriksen & Eriksen, 1974; Eriksen & Schultz, 1979; Flowers & Wilcox, 1982; Grice, Boroughs, & Canham, 1984) . In typical versions of this task, subjects are provided with a stimulus-response mapping of two sets of letters onto two possible manual responses (e.g., B and D mapped onto one response and R and S mapped onto another). Subjects are to respond to the central letter in a three-letter horizontal array. The two identical flanking letters are either from the same response class as the target (e.g., DBD) or from the opposite response class (e.g., RBR). Subjects are told to focus attention completely on the target position (fixation) and to ignore completely the flankers.
From the standpoint of early selection theory, this task would seem to be properly designed to permit highly focused attention. Locating the middle character at fixation, which is widely thought to be the default "center of attention," would appear to promote optimal attentional focusing. Nevertheless, results with the flankers task have consistently shown that people are unable to completely exclude the flankers from processing (e.g., Eriksen &-Schultz, 1979) . Response-congruent flankers produce more rapid responses than responseincongruent flankers do (as much as a 35-60-ms effect). An analogous result has also been reported by Allport (1977) with word stimuli. These results represent evidence against early selection theories, which assert that subjects can completely focus attention on a single location and exclude information from all other locations. Instead, they are consistent with a late selection account, according to which all objects are processed to the point of identification from which they activate associated identity nodes or response codes (Duncan, 1980; Eriksen & Schultz, 1979; Van der Heijden, 1981) .
The existing evidence from Stroop and flankers tasks (with a few exceptions) supports late selection over early selection accounts. However, to the extent that these paradigms have features that are suboptimal from the point of view of focusing attention, the evidence against early selection must be viewed as weak. In the next section we examine some factors that could contribute to optimal attentional focusing.
Selecting an Optimal Focused-Attention Paradigm
There are several choices to be made in designing an experiment that maximizes the opportunity for effective focused attention.
First, in order to promote the effective allocation of attention, it is desirable to cue attention in advance and reliably. Using a cue validity of 100% seems optimal. Evidence from several sources (e.g., Eriksen & St. James, 1986; Jonides, 1980 Jonides, , 1983 Murphy & Eriksen, 1987; Posner, 1980; Remington & Pierce, 1984) suggests that a 200-ms cue duration will maximize attentional readiness at the onset of the display.
Second, Posner, Snyder, and Davidson (1980) provided evidence that active reallocation of attention is critical to keeping it well focused; habituation of attention to any particular locus might be a natural tendency to promote exploration of the environment. Paradigms in which attention is redirected to a new locus on each trial may be best suited to promoting effective focusing.
Third, it is plausible to suppose that the informationprocessing system might follow the heuristic of not maximally concentrating attention unless the total processing load without such concentration would produce a subjective shortage of capacity or excessive crosstalk in dealing with the target. Dark, Johnston, Myles-Worsley, and Farah (1985) and Kahneman and Chajczyk (1983) , for example, demonstrated that selectivity improves (i.e., interference or priming effects are diminished) with increases in perceptual load. Designs involving a nontrivial perceptual load are to be preferred.
Fourth, the geometry used in many flankers tasks (a fixated central target surrounded by flankers) may on balance unduly favor the flankers. Although the target benefits from appearing at the place where acuity is highest, the difference in eccentricity is typically very small, and it may be overpowered by the reduced lateral interference for flankers. Further, subjects may be aware of the acuity advantage at fixation and may develop the habit of allocating attention to peripheral elements while letting the center "take care of itself." Also, reading might habitually assign extra priority to the first and last letters of a string, which have the highest information content. For these reasons, it is worth exploring other display geometries in which the to-be-attended location has the same properties as other locations (e.g., circular configurations).
Fifth, varied stimulus-response mapping is probably desirable when possible. Under consistent mapping (CM), any given stimulus (e.g., a letter) always requires the same response when it occurs in the attended location. CM training could yield special recognition strategies at a level of processing below the level at which stimulus identification is normally performed. The latter strategies (e.g., the development of "trigger" features) might convert the task into one requiring merely feature detection rather than true character identification. Because there is already a widespread consensus that feature detection occurs preattentively, such tasks may not bear on the locus-of-selection question.
Sixth, stimuli should be sufficiently uncrowded to permit effective attentional focusing; multielement displays that fall entirely within 1 ° of central vision do not provide good tests of early selection. Complete selectivity of objects in such small subregions may not be possible. This limitation might be either inherent to the architecture or a by-product of habitually integrating stimuli over a similar-sized region while reading. It seems prudent to use generous spacing to avoid merely disconfirming the conjunction of strong early selection theory with an unwarranted assumption about the narrowness of the attentional focus.
Finally, it is desirable to avoid displays in which responserelevant items are present in multiple positions. Such displays introduce complexities that preclude the evaluation of distance effects, for example, and thus reduce inferential power.
A review of the literature reveals few studies that satisfy all these requirements. The best examples consist of recent work from C. W. Eriksen's laboratory (Eriksen & St. James, 1986; Murphy & Eriksen, 1987) . Although some of the data in those articles are relevant, the theoretical thrust of the articles is quite different from ours, and the data analysis was not focused on the questions addressed here.
Overview of Experiments
The experiments reported below were designed to determine whether there exist nontrivial conditions under which spatial attention can be focused so well that unattended stimuli do not interfere with the identification of to-be-attended stimuli. To determine whether stimuli in unattended locations are identified, we inserted in an uncued location a critical response-related foil item. If subjects can focus attention on a single display position and prevent the identification of stimuli in other locations, then a foil in an uncued position should not influence response latencies. On the other hand, if subjects cannot avoid the identification of stimuli appearing in to-be-ignored positions (as predicted by strong late selec-tion), then the presence of a foil in an uncued position should yield significant changes in latency.
Distance Effects
The extent to which to-be-ignored stimuli interfere with performance as a function of the distance between the target and the interfering stimulus may reveal whether spatially modulated leakage of attention occurs. Such leakage could arise for any of a number of reasons. First, subjects may occasionally mislocalize the cue, which might result in a focus of attention on the wrong item. Second, the region actually attended could be large enough to include several character locations, a situation causing multiple stimuli to be identified rather than just one. Third, the core region of attention could be surrounded by a "penumbra" of partial attentional blockage, which would permit some postattentional processing of stimuli in nearby locations.
Design Considerations
Display conditions were selected to promote effective spatial selection. In our basic paradigm, subjects identified a target letter appearing in a cued location. In Experiments I and 2, we used varied stimulus-response mapping (Shiffrin & Schneider, 1977) ; in Experiments 3 and 4, consistent mapping was used. A visual bar displayed prior to the target onset provided subjects with a cue to the position of the target letter, if present. The location cue was 100% valid (exception: Experiment 2) providing the maximum incentive for focusing attention. The target appeared in a display of eight letters, a load that is likely to induce a high degree of selection. The target and distractor stimuli appeared in a circular array such that all stimuli were equidistant from fixation and had neighbors on both sides. The relatively generous spacing between elements (exception: Experiment 4) was designed to permit a clean separation of attended and unattended locations, with minimal potential for attentional leakage. Placement of a single foil in an uncued location permitted an analysis of the effect of distance between the cued and the foil items.
Experiment 1
In the first experiment we examined whether subjects can focus attention sufficiently to prevent redundant targets in uncued locations from influencing performance. Subjects engaged in a varied-mapping letter-identification task (i.e., each letter in the stimulus set served as a target on some trials and as a distractor on others). On each trial a spatial cue was illuminated before the stimulus display appeared. When the display appeared, subjects decided whether the target letter was present in the cued location. The primary manipulation was whether a redundant target letter was displayed in an uncued position.
Three types of cue were used in separate sessions. The first kind of cue was a small arrowhead displayed adjacent to the location that would eventually contain a target letter. Such peripheral cues have been shown to produce fast shifts of attention (Jonides, 1981) . The second kind of cue was a central arrowhead pointing at one of the eight possible display locations. The central arrowhead is a more "cognitive" cue in that it is symbolic and must be interpreted as indicating one location from among the rest. The third kind of cue was a neutral one, which provided no spatial information regarding the target location. In this situation, subjects could not focus attention in advance of the display.
To determine whether there was a different time course for attentional focusing under central and peripheral cues, we also varied the time delay from the onset of the cue to the onset of the search display (stimulus onset asynchrony or SOA). On half of the trials in each condition, the SOA was 100 ms, and on the other half it was 200 ms.
Method
Subjects. Twelve young adults from the NASA Ames subject pool served in three 50-min sessions and were paid $14.00.
Stimuli and equipment. An IBM PC microcomputer controlled stimulus displays and recorded responses. The visual events were displayed on a Princeton Graphics System SR-12 color graphics monitor driven by a Sigma Designs Color-400 Enhanced Graphics Adapter. Responses were made by pressing one of two buttons mounted on top of a response box placed on the table in front of the subject.
From a viewing distance of 43 cm, letters subtended approximately 1.5" in height and 0.7* in width and were situated at the vertices of an imaginery octagon centered at fixation with radius of 4.2*. All letters were therefore about 3.2* apart, center to center. All line segments were yellow in color against a black background. The following letters of the alphabet were employed: A, E, H, I, K, L, N, T, V, X, and Y.
The peripheral cue was a small arrowhead located 0.3* away from the nearest contour of the letter in the cued location, on an imaginary line collinear with a radius of the octagon. Each arrowhead was 0.7* long and 0.3* wide. The central cue was an arrowhead with the same dimensions as the peripheral cue, and it was centered at fixation. The neutral cue was a circle with a diameter of 0.5* centered at fixation.
Procedure. On each trial of the task, a target letter was displayed at fixation for 500 ms. This was followed by the presentation of a fixation plus sign for 500 ms. The cue (peripheral, central, or neutral in different sessions) was then presented for either 100 or 200 ms. At the moment the cue disappeared, the character display appeared; it remained present until a response was made or 2,000 ms had elapsed. The display always consisted of eight letters. Each of the displayed letters was unique, with one exception; on redundant-target trials, two of the letters were identical (one in the cued location and the other in one of the seven uncued positions) and each of the remaining six letters was unique. Subjects were to press the right finger key if the target letter was present in the display and the left finger key if it was absent. If the target was present, it always occurred in the cued location in the central and peripheral cue conditions (i.e., the cue was 100% valid). Subjects were strongly encouraged to attend to the cued location in order to prepare for the appearance of the target letter. They were made aware of the fact that only the cued location need be scanned, because the target, if present, always would occur there. If an error was made, the computer emitted a 200-ms, 700-Hz tone. Subjects were told about the relevant cue type at the beginning of each session. The timing of events in a trial was identical for each of the three kinds of cue.
Subjects were advised not to move their eyes during the course of any trial. Although we did not monitor eye position, the results indicate that subjects did in fact remain fixated. First, as noted below, the effect of cue-target SOA (i00 vs. 200 ms) had a negligible effect on response times, If subjects were moving their eyes, there should have been a difference of about 100 ms in reaction time between the two SOA conditions. 2 There was not. Second, subjects reported having no difficulty remaining fixated. Nevertheless, to completely rule out the possibility of eye movements, we conducted a control experiment in which we monitored eye movements in a replication of the 200-ms peripheral cue condition, and the results (see Discussion below) were unchanged. We are confident that the present results reflect covert allocations of attention and not overt movements of the eyes.
Design. There were three sessions in the experiment. In each of the three sessions, one of the three kinds of cue was used (peripheral, central, and neutral). The order in which the three cuing conditions were run was balanced in a Latin square across subjects.
The structure of each session was identical regardless of the cuing condition. Each session consisted of eight blocks of 64 trials each. Four of the eight blocks in each session had a 100-ms SOA, and four of the blocks had a 200-ms SOA. These two types of block were alternated. We blocked the SOA factor so subjects would be maximally prepared for the stimulus display when it appeared on each trial, consonant with our intent to provide optimal conditions for attentional focusing.
Each block of 64 trials consisted of 32 target-absent trials and 32 target-present trials. Half of the 32 target-present trials had one target (nonredundant), and half had two targets (redundant). On the nonredundant trials, the target always appeared in the cued position. On the redundant trials, one target appeared in the cued position, and the second, redundant, target appeared in one of the other seven locations (the redundant target occupied each of the four distances from the cued position equally often, with clockwise and counterclockwise directions randomly chosen). The cued location was chosen randomly on each trial.
Each session began with one block of 24 practice trials. Each of the blocks began with 3 warm-up trials, and every error was followed by a recovery trial. The practice, warm-up, and recovery trials were not recorded and were excluded from the analyses reported below.
Results
Overall effects. The mean reaction time for each condition of Experiment 1 is shown in Figure 1 . The upper panel depicts the data from blocks with a 100-ms SOA, and the lower panel shows data from blocks with a 200-ms SOA. The three clusters of bars in each panel correspond to the three cue types. These data were subjected to three-way repeated measures analysis of variance (ANOVA), with cue type (neutral, central, and peripheral), SOA (100 and 200 ms), and trial type (targetabsent, target-present/nonredundant, and target-present/redundant) as factors. There was a main effect of all three factors, F(1, 11) ---5.16, p < .05 for SOA; F(2, 22) = 31.21, p < .001 for cue type; and F(2, 22) = 150.33, p < .001 for trial type. There were significant interactions between trial type and cue type, F(4, 44) = 28.67, p < .001, a result reflecting the fact that the effect of trial type was much larger in the neutral condition than in the peripheral or central condition. There were no significant interactions involving SOA: F(2, 22) < 1 for the Cue Type × SOA interaction and F(2, 22) = 2.41, p >. 1 for the Trial Type x SOA interaction. In all cases, the effect of trial type was due to much longer reaction times in the target-absent conditions than in the two target-present conditions. The three-way interaction was not significant, F(4, 44) < 1. Our further analyses were focused on the results from the target-present conditions. We first carried out a planned three-way ANOVA on a subset of the data including only target-present trials with central and peripheral cues. The three factors were cue type (central/ peripheral), SOA (100/200), and trial type (nonredundant/ redundant). Only the main effect of SOA achieved significance, F(I, 11) = 11.6, p < .01; no significant effects of cue type or trial type were found, F(1, 11) = 0.3 and F(I, 11) = 1.9, respectively, both ps >. 1, nor was any of the two-way interactions or the three-way interaction significant: Cue Type x SOA, F(1, 11) = 0.1, p > .5; Cue Type x Trial Type, F(1, 11) = 1.8, p > .2; SOA x Trial Type, F(I, 11) = 3.5, p > .08; SOA x Cue Type x Trial Type, F(1, 11) = 0.4, p > .5. The 2 Suppose that eye movement latency and duration sum to 200 ms (a conservative estimate, given that the direction of the required eye movement was not known to subjects in advance). Thus, in both the 100-and 200-ms SOA conditions, the eyes would land at the cued location 200 ms after the onset of the cue. In the 200-ms condition, the stimulus display is illuminated and the reaction time clock is started simultaneously with the arrival of the eyes. In the 100-ms condition, the stimulus display is illuminated, and the clock is started 100 ms before the arrival of the eyes. If subjects did move their eyes, all other things being equal, we should have seen a 100-ms reaction time advantage in the 200-ms SOA condition. one interaction that approached significance was SOA by trial type; inspection of Figure 1 reveals that the effect of redundancy was larger under the 200-ms SOA than under the 100-ms SOA. To examine this possibility, we tested the relevant comparisons individually.
For the 100-ms SOA, the redundance gains with central and peripheral cues were -4.3 ms, t(l 1) = -0.8, and -1.2 ms, t(11) = -0.3, respectively (negative redundancy "gains" denote slower reaction times with two identical targets present than with a target alone). For the 200-ms SOA, the corresponding values were 5.8 ms, t(11) = 1.04, p > .3, and 13.7 ms, t(l 1) = 3.41, p < .01, respectively. In three of these four comparisons, the redundancy gains were not significantly different from zero. We return to the one significant gain in the Discussion below.
In contrast to these conditions, the redundancy gains with the neutral cue were large and significant. The gains were 35.8 ms, t(11) = 5.8, p < .001, and 40.3 ms, t(11) = 5.3, p < .001 for the 100-and 200-ms SOAs, respectively. A redundant target clearly helps performance when attention is not directed to a particular location in advance. This result demonstrates that subjects were using the informative cues to direct their attention.
Distance effects. An analysis of distance effects was performed to determine whether any redundancy gains were masked by averaging across positions. If early selection was subject to "leakage" from uncued stimuli, only foils adjacent to the cued position should produce redundancy gains.
Mean reaction time on redundant-target trials as a function of distance from the cued location is shown in Table 1 for each SOA with central and peripheral cues, respectively. Three different distance analyses were carried out. The first was a test for a linear increase in response time with distance; for each of the four conditions, separate contrast analyses were performed (Rosenthal & Rosnow, 1985 ; contrast coefficients: -3, -1, 1, 3). The linear effect of distance was not significant in any of the conditions, F(I, 33) = 1.65, p > 0.2 for the central-100 condition and F(1, 33) < 1 for the other three conditions. Note. Distance 1 is adjacent to the cued location, and Distance 4 is diametrically opposite the cued location. The column headed "Target alone" presents mean response time when there was only a single target present. SOA = stimulus onset asynchrony.
A second analysis was carried out to test whether redundant targets had a significant effect when they appeared in adjacent positions. The difference in reaction time from the nonredundant condition and the condition in which a redundant target was adjacent to the cued location was computed for each subject, and these values were subjected to a paired t test. In none of the four cuing conditions was this effect significant, t(11) = 0.31, 0.10, 0.22, and 1.53 for the central-100, central-200, peripheral-100, and peripheral-200 conditions, respectively, all ps >. l; the corresponding mean effects were 2, 0, l, and 20 ms. Only for the peripheral-200 condition was there even a trend toward a significant effect for adjacent redundant targets.
In a final analysis, we tested the effect of redundant targets appearing at Distances 3 and 4. Four paired t tests were conducted. The mean effects of these distant foils relative to the nonredundant condition were -10, 6, -6, and 8 ms for the central-100, central-200, peripheral-100, and peripheral-200 conditions, respectively; the corresponding t values were -1.27, 0.67, -0.79, and 1.02 (df= I 1; all ps > .2). Reaction time was completely uninfluenced by redundant targets appearing three or four positions away from the cued position. In particular, for the peripheral-200 condition, in which a small (but nonsignificant) effect was observed when a redundant target appeared adjacent to the cued location, there was no effect when the redundant target appeared three or four positions away from the cued location.
Error rates. The error rates for each trial type as a function of cue type and SOA are shown in Table 2 . With a neutral cue, error rate was strongly influenced by the presence of a redundant target and mirrored the response time results reported above. With informative cues, only small differences between single-target and redundant-target conditions were observed. Of the four conditions (central/peripheral cue; 100/ 200-ms SOA), two produced fewer errors for redundant targets than for single targets, and two produced the reverse pattern. Thus, the error data provide no evidence for a redundancy gain.
Discussion
In this experiment we demonstrated that with completely reliable cues, subjects are highly successful in focusing attention on one nonfoveal spatial location to the exclusion of Note. SOA = stimulus onset asynchrony. others. Presenting a cue 100 ms before the target was sufficient to permit effective focusing of attention. Furthermore, residual effects were concentrated almost entirely on stimuli adjacent to the cued location, as predicted by early selection theories. Finally, focusing was equally effective with both cue types: Central cues were no less effective than peripheral cues. Two aspects of Experiment 1 require caution. First, one condition did show a small but statistically significant redundancy gain. It was the condition least expected to produce a redundancy gain: a peripheral cue with a relatively long SOA. Previous work has shown peripheral cues to be quite effective in guiding attention to the cued location rapidly (Jonides, 1981) . Furthermore, the long SOA (200 ms) should have permitted subjects more time to encode the cue and direct attention to the indicated location.
To determine whether the observed effect was real or a statistical anomaly, we isolated the peripheral-200 condition and ran 9 new subjects for two sessions each. For Session 1, mean reaction times for the target-absent, target-present/ nonredundant, and target-present/redundant conditions were 643,578, and 579 ms, respectively. The corresponding figures for Session 2 were 573, 515, and 511 ms. Neither the 1-ms redundancy loss in Session 1 nor the 4-ms redundancy gain in Session 2 was significantly different from zero. Power analyses revealed that a 7-ms effect could have been detected in Session 1 and a 9-ms effect in Session 2. No significant trends with distance were observed. We conclude that the 200-ms cue yielded quite effective attentional focusing.
The second alternative hypothesis is that subjects might have moved their eyes to the target location after the cue appeared. If so, then the lack of a redundancy gain would be attributable to differences in retinal acuity rather than differences in the distribution of attention; our claims are meant to apply to shifts of attention and not of the eyes. To test this hypothesis, we ran another version of the 200-ms, peripheral cue condition while monitoring subjects' eye position to ensure continuous fixation.
Eleven new subjects participated in one session. An Applied Science Laboratories scleral-reflectance eye movement monitor (precision ___ ___0.5 °) was employed. An eye position criterion of ___1.5 ° was established, based on eye movement calibrations conducted at the start of each block. Eye movements were detected on an average of 14.6% of the trials overall (range across subjects: 1%-31%). The analyses reported below are for trials on which no eye movements were detected.
Mean reaction times were 581 ms for target-absent, 508 ms for target-present/nonredundant, and 502 ms for target-present/redundant. The redundancy gain of 6.3 ms was not significant, t(10) = 1.35, p > .2. 3 As the distance between the cue and the redundant target increased (from adjacent to opposite), mean response times were 485, 497, 512, and 517 ms. A contrast analysis for a linear trend with distance (contrast coefficients: -3, -1, 1, 3) revealed a significant effect, F( 1, 30) = 7.17, p < .02. An analysis of the effect of adjacent foils revealed a significant 23-ms redundancy gain, R10) = 2.60, p < .05. Finally, there was an average redundancy loss of 6.5 ms for stimuli appearing three and four positions away from the cued location. These distance analyses are consistent with effective early selection combined with some distancemodulated attentional leakage.
We also computed the effects reported above for all trials, including those on which eye movements were detected. Mean reaction times for the target-absent, target-present/nonredundant, and target-present/redundant were 584, 512, and 506 ms, respectively. The 5.9-ms redundancy gain was not significant, t(l 0) = 1.21, p > .2. Mean reaction times as a function of the distance between the cued location and the redundant target was 487, 503, 518, and 516 ms, respectively, for the adjacent to opposite positions. The linear trend was still significant, F(1, 30) = 4.21, p < .05. There was a significant 25-ms redundancy gain for the adjacent position, R10) = 2.78, p < .05. There was on average a 5-ms redundancy loss for stimuli appearing three and four positions away from the cued location. That the redundancy effect did not depend on whether eye movement trials were included justifies our assumption that the results of Experiment 1 were not materially affected by eye movements.
The results of the peripheral-200 replication and the eye movement control experiment, then, confirm our original conclusions. The data suggest that subjects can effectively suppress the processing of unattended stimuli, as predicted by early selection theories.
Experiment 2
To maximize attentional focusing, in Experiment I we used completely (100%) valid attentional cues. To determine the importance of cue validity, we repeated the procedure of the 200-ms SOA, peripheral-cue condition of Experiment 1, but with cue validity reduced to 80%. If attention is effectively focused only with completely valid cues, 80% validity should produce a more substantial redundancy gain.
A cue validity of 80% might evoke a probability-matching strategy focusing attention on the cued location on only 80% of the trials (e.g., Jonides, 1983) or a graded capacity-allocation strategy (e.g., Shaw, 1978) assigning only 80% of the available attentional resources to the cued location. Either strategy would increase the redundancy gain, because a redundant target in an uncued position would now be attended to, to some degree. On the other hand, attentional theorists who have used cue validity as an empirical tool (e.g. Jonides, 1980 Jonides, , 1981 Posner, 1980) typically assume that with 80% cue validity, subjects optimize performance by always attending to the cued location. If so, reducing cue validity to 80% should not yield a redundancy gain.
Experiment 2 thus had two purposes. First, it provided a test for a widely held assumption employed in a variety of cued-attention experiments, that high-validity cues produce the same attentional state as 100% valid cues. Second, it relaxed one of the criteria we have identified for effective early selection and generalized the findings of Experiment 1.
3 One subject showed a redundancy gain of 41 ms; no other subject exceeded 10 ms (range: 10 ms to -14 ms redundancy gain). The mean redundancy gain when this subject was removed from the analysis was 2.8 ms, also a nonsignificant effect.
Method
Subjects. Sixteen Johns Hopkins University undergraduates participated in one 50-min session for course credit. All subjects were right-handed and had normal or corrected-to-normal vision.
Stimuli and equipment. The stimuli and equipment were the same as in Experiment 1.
Design. The design of the experiment followed the 200-ms SOA, peripheral-cue condition of Experiment 1. The cue was always peripheral and was displayed 200 ms before onset of the character display. The primary difference from Experiment 1 was that the cue had a validity of only 80%: On 80% of target-present trials, the target appeared in the cued location; on the remaining 20%, it appeared randomly in one of the uncued locations. There were thus two partially crossed factors in the experiment: the number of targets present (zero, one, or two) and cue validity (valid and invalid).
The experiment consisted of six blocks of 80 trials each. In each block of trials, there were 40 target-absent trials, 20 target-present/ nonredundant trials, and 20 target-present/redundant trials. On 16 of the nonredundant trials and 16 of the redundant trials, a target appeared in the cued location. Redundant targets occurred on validcue trials equally often at each of the four possible distances from the cued location. On 8 invalid-cue trials (4 nonredundant and 4 redundant), the cued location contained a nontarget letter, and the target(s) occurred in random uncued positions.
Procedure. The procedure was the same as in Experiment 1 except that subjects were told to attend entirely to the cued location--which indicated the target location on 80% of the trials--and to ignore the remaining display locations.
Results
Overall effects. Mean target-absent response time was 734 ms, significantly slower than for target-present conditions (even the invalid ones). The presence of invalid trials clearly slowed responses; subjects knew that targets could appear in an uncued location and searched for such targets to keep their miss rate down. Table 3 shows mean correct response times and mean error rates for each target-present condition. Analysis of variance for validity by trial type (target-present/nonredundant vs. target-present/redundant) revealed significant main effects for validity, F(1, 15) = 52.5, p < .001, and for trial type, F(1, 15) = 19.6, p < .001, and a significant interaction, F(1, 15) = 14.5, p < .01. The redundancy gain was 0.1 ms for valid trials, t(15) = 0.02, and 52.7 ms for invalid trials, t(15) = 4.6, p < .001.
Distance effects. An analysis of redundancy gains as a function of the distance between the cued location and the foil was conducted for the target-present/redundant condition Table 3 Mean Response Time (RT, in ms) Error rates. The overall mean error rate was 4.8%. A redundant target produced only 0.4% fewer errors for valid trials, t(15) = 0.62, but a highly significant 5.6% fewer errors for invalid trials, t(15) = 7.37, p < .001. The error data thus confirm that the redundancy gain for valid trials was vanishingly small whereas that for invalid trials was substantial.
Discussion
In this experiment we demonstrated that with partially reliable peripheral cues, subjects are able to efficiently restrict their attention to a nonfoveal spatial location and prevent unattended items from affecting performance. This is inconsistent with models requiring probability matching across trials or proportional capacity allocation. Of course, subjects may have strategic control over their allocation policy, but the present results demonstrate that proportional capacity allocation is not mandatory. When instructed to focus all resources at the most likely location, subjects appear to be able to do so, even when the cue is not completely valid.
Experiment 3
The results of Experiments 1 and 2 suggest that when attention is highly focused on a spatial location, stimuli in other locations may be excluded from processing. However, because redundancy gains in focused attention are sometimes small (Eriksen & Eriksen, 1974; Eriksen & Schultz, 1979; Flowers & Wilcox, 1982; Grice et at., 1984; Grice & Gwynne, 1985; Miller, 1987) , the power of the test may be limited.
Flanker tasks with response-incompatible stimuli typically produce larger effects than those with response-compatible stimuli. Grice and Gwynne (1985) reported response times speeded by about 25 ms with response-compatible flankers but slowed by more than 40 ms with response-incompatible flankers. In Experiment 3, we included both response-compatible and response-incompatible foils. The use of consistent stimulus-response mapping (Shiffrin & Schneider, 1977) should give us an additional opportunity to observe any effect of the identification of stimuli in unattended regions of the display.
Method
Subjects. Twenty-six Johns Hopkins University undergraduates participated in one 50-min session for course credit. All subjects were right-handed and had normal or corrected-to-normal vision.
Design. The letters A and E served as targets, each appeared with a probability of .5. One of the two target letters always occurred in the cued location of each display (100% cue validity). For half of the subjects, the letter A required a fight-finger response, and the letter E required a left-finger response; for the remaining subjects, the mapping was reversed. On half of the trials, the target letter appeared with seven task-irrelevant distractors (the target-alone condition). On a fourth of the trials, a response-compatible foil (i.e., a redundant target) appeared in one of the seven uncued locations (the compatible condition). On the remaining fourth of the trials, a response-incompatible foil appeared in one of the seven uncued loactions (the incompatible condition).
The experiment consisted of eight blocks of 64 trials each. In each block of trials, there were 32 target-alone trials, 16 compatible-foil trials, and 16 incompatible-foil trials. When there was a foil present, it occurred at each of the four possible distances from the cued location equally often.
Procedure. The procedure was the same as in Experiment 1 with the exception that the task was now to determine whether an A or an E appeared in the cued location. The remaining display locations were to be ignored. A peripheral cue was used with a fixed 200-ms cuing interval.
Results
Overall effects. Mean reaction times for the compatible, target-alone, and incompatible conditions of Experiment 3 were 432.9 ms, 433.7 ms, and 441.3 ms, respectively. The difference in reaction time between the target-alone and the compatible condition was 0.8 ms, which is not significantly different from zero, t(25) = 0.4, p > .5. The difference in mean reaction time between the target-alone and the incompatible condition was small, although it was statistically significant (M = 7.6), t(25) = 3.3, p < .01.
The power of our experiment was quite high, given that we were able to detect a significant difference of just 7.6 ms. Power analyses revealed that a true difference of as little as 4 ms could have been detected, given our sample size and variabilities.
Distance effects. Table 4 shows mean response times as a function of distance between the cued location and the compatible or incompatible foil. If early selection theory is correct but there is attentional leakage, foil items should produce residual effects when adjacent to the cued location, but not otherwise. Two distance analyses were conducted for each condition. The first was a comparison of response times to a target alone and with an adjacent foil item. For compatible foils, there was a 3-ms facilitation in reaction time, t(25) = 0.63, p > .3. For incompatible foils, the inhibition was 19 ms, Note. Mean response time when the target appeared alone was 434 ms. Distance 1 is adjacent to the cued position, and Distance 4 is diametrically opposite the cued position.
t(25) = 5.13, p < .001. The second distance analysis tested the effect of a foil appearing three or four positions away from the cue. For the compatible condition, there was a 2.5-ms gain, t(25) = 0.56, p > .3. For the incompatible condition, there was a 4.5-ms loss, t(25) = 1.16, p > .2. The distance analyses thus reveal that the overall interference effect was due to foils adjacent to the cued location; more distant foils had no significant effect.
Error rates. The error rates for the compatible, targetalone, and incompatible conditions were 4.1%, 3.8%, and 4.7%, respectively. Neither the 0.3% redundancy loss in the compatible condition nor the 0.9% interference effect in the incompatible condition was significanL t(25) = 0.34 and 0.93, respectively, both ps > .3.
Discussion
When subjects are instructed to attend to a location indicated by a highly valid cue, they can restrict processing to that location quite effectively. Results from the compatible condition of Experiment 3 replicate the results of Experiments 1 and 2: No redundancy gain is observed with focused attention. Results from the incompatible condition reveal an 8-ms slowing of responses. Although statistically significant, this effect is quite small--much smaller than observed in previous studies in which effects of incompatible foils have typically ranged from 20 to 60 ms (Eriksen & Eriksen, 1974; Eriksen & Schultz, 1979; Flowers & Wilcox, 1982; Grice et al., 1984; Grice & Gwynne, 1985; Miller, 1987) . Furthermore, incompatible foils show effects only when adjacent to the cue.
With highly primed target stimuli, it is not surprising that there should be a small amount of attentional penetration from adjacent positions (but see Miller, 1987) . Such occasional penetration in this visual task is analogous to hearing a highly primed word in the unattended ear of a dichoticlistening task involving shadowing. The "newly surprising fact" (Kahneman & Treisman, 1984, p. 30) is that this penetration was as small as it was.
Experiment 4
In an effort to explore the boundary conditions for our results, we carried out a final experiment in which we systematically varied the radius of the imaginary circle defining the positions of the stimuli. One of the principal factors that has been cited as contributing to effective focusing is distance. The underlying assumption is that the focus of attention has some minimal spatial extent, so that if two stimuli are close enough together, they will both fall within the attentional focus. Thus, if one of them is to be attended to, the other will be processed as well. If distance is in fact crucial in our task, then by varying stimulus eccentricity, and thus interelement distance, we should modulate the extent to which foils influence performance.
Method
Subjects. Thirty-six Johns Hopkins University undergraduates participated in one 50-min session for course credit. All subjects were right-handed and had normal or corrected-to-normal vision. Twelve 500, subjects were assigned randomly to each of the three circle-size conditions. 480'
Stimuli and equipment. The stimuli and equipment were the ~0. same as in Experiment 1.
Design. The design of the experiment was identical to that of 440. Experiment 3 with one exception. A new between-subject factor, circle size, was added to the design. The large circle was the same size 4-20. as the one used in Experiments 1-3. The three circle radii were 4.2", 400 3.2 °, and 2.0 °. The interletter distances (center to center) equaled 3.2 °, 2.4 °, and 1.6 °, respectively, for the three conditions. In the smallest 500, circle-size condition, the nearest contours of the letters were as little ,,~ as 0.2* apart. The letter sizes remained constant at 1.5" in height and E 480. 0.7* in width. Thus, in the small circle condition, the interletter distances (center to center) were roughly the same size as the letters E 460, themselves. Presumably, the relevant distance metric for present i"7 e-440. purposes scales to the size of a single letter (i.e., the region over which ._ o information must be integrated for letter identification). 
Results
Overall effects. Mean reaction times for the compatible, target-alone, and incompatible conditions of Experiment 4 are shown in Table 5 for each circle size. The differences in reaction time between the target-alone and the compatible conditions were 2, 1, and 3 ms for the small, medium, and large circle sizes, respectively. None of these is significantly different from zero, t(l 1) < 1, p > .3. The differences in mean reaction time between the target-alone and the incompatible conditions were 9, 6, and 5 ms, respectively, for the small, medium, and large circle sizes. The interference effects were significant for the small and medium circles, t(1 l) = 2.6 and 2.3, respectively, ps < .05, but not for the large circles, t(1 t) = 1.7, p > .1.
Distance effects.
A distance analysis was conducted to determine whether there was distance-dependent attentional leakage. Mean response times as a function of distance between the cued location and the compatible or the incompatible foil are shown in Figure 2 for each circle size. It is apparent from inspection of the figure that our manipulations of circle size did not produce any marked change in the data. Statistical analyses confirmed this conclusion. We consider first the compatible conditions. A repeated measures analysis of variance was conducted, with circle size Table 5 Mean Response Time (RT, in ms) and distance as factors. The main effect of circle size was significant, F(2, 22) = 3.57, p < .05; overall response time was slower with the small circle size than with the large or medium circle. The effect of distance, however, was not significant, F(3, 33) = 1.9, p > .1, nor was the interaction between size and distance, F(6, 66) < 1.0. No significant facilitation effects were observed for any distance or circle size with compatible foils.
Next we consider the incompatible conditions. An analysis of variance was carried out on the incompatible data, with circle size and distance as factors. As for compatibles, the main effect of circle size was significant, F(2, 22) --3.52, p < .05; response time was generally slower for the more closely packed letters in the small circle condition. However, for incompatible foils, in contrast to compatible ones, there was a significant effect of distance, F(3,33) = 6.28, p < .002. The interaction between circle size and distance was not significant, F(6, 66)< 1.0.
The analysis of variance, of course, shows only that the means for the various distances were not all identical. To further specify the obtained factor effects, we carried out individual tests for foils appearing adjacent to or distant from the cued location for each circle size. These analyses revealed that only incompatible items in adjacent positions had a discernible effect on performance. There were significant effects of adjacent incompatible items for all circle sizes (effects of 11 ___ 5, 16 + 5, and 19 _ 5 ms for the large, medium, and small circle sizes, respectively), all ts(11) -> 2.4, all ps < .05. However, no significant effects were observed for letters appearing in nonadjacent locations; the largest effect for a nonadjacent item was 7 ms: large circle, Distance 2, t(11) = 2.0, p > .05.
Given the absence of an interaction between circle size and distance, the relevant metric here appears not to be distance per se (e.g., visual angle) but number of intervening items. That is to say, there is little effect of a foil appearing two positions away from the cued position in the small circle condition, even though that item is physically the same distance from the cued position as the more effective adjacent item in the large circle condition is. 4
Error rates. The error rates for the various conditions are shown in Table 5 . In no case were there significant facilitative or interfering effects on the error rates. The largest effect (of 1.0% for incompatible vs. neutrals in the small circle condition) yielded t( 11 ) = 2.03, p > .05.
Discussion
Placing the stimuli closer together yielded only small increases in interference effects. More important, those effects can be attributed entirely to the items appearing adjacent to the cued location. This implicates an early selection mechanism that cannot as effectively focus attention when the items to be selected are crowded together, as they were in the small circle condition of the present experiment. No effect at all was found for stimuli appearing in positions not adjacent to the cued position.
That selection was hindered in the small circle condition is further supported by the finding that reaction times in the target-alone condition were 437, 420, and 488 ms for the large, medium, and small circles, respectively. Presumably, reaction time decreased from the large to the medium circle because of advantages conferred by reduced retinal eccentricity and improved acuity; reaction time increased from the medium to the small circle due to crowding of the stimuli and the attendant difficulties in effectively directing selective mechanisms to the appropriate location.
The conclusion we draw from Experiment 4 is that subjects' ability to focus attention effectively, and to exhibit early selection or late selection with restricted spreading activation, is not limited to displays with large intercharacter distances. Instead, effective focused attention is possible even with tightly packed arrays.
can focus attention on one spatial location with remarkable efficiency, minimizing the facilitative or interfering effects of stimuli appearing in to-be-ignored locations. In Experiment 1, response-congruent targets appearing in to-be-ignored locations had virtually no effect on discrimination performance when cuing was completely valid. In Experiment 2, the effect of a response-congruent stimulus in an unattended location was similarly negligible, even though cue validity was reduced to 80%. In Experiment 3, minimal effects were once again found for response-compatible stimuli in unattended locations, even when a consistent mapping paradigm was used. With response-incompatible stimuli, the interference effect on discrimination time observed with a consistent mapping paradigm was significant but small. Finally, in Experiment 4, we again observed only small effects of incompatible foils, even when the interletter distances were reduced to approximately the size of the letters themselves. The small interference effects found in Experiments 3 and 4 with incompatible foils were due entirely to foils appearing in the position immediately adjacent to the cued position. When these conditions are excluded, the remaining positions yielded no significant interference effects.
Relation to previous findings. If effective focused attention is possible, as we have shown here, then how are we to account for the many well-documented failures of focused attention and successes of divided attention? One answer is that effective focused attention may be carried out only when task demands make it desirable and visual conditions make it possible.
The strongest evidence for late selection in focused-attention tasks has been that under many tested conditions, subjects could not avoid semantic effects of unselected information. Such evidence came from the Stroop task and from Eriksen's flankers and bar-probe tasks, among others. By choosing optimal conditions for attentional focusing, however, we have found evidence for virtually complete early selection or weak late selection with restricted spreading activation. Thus, earlier failures of effective spatial selection may be attributed to suboptimal conditions for eliciting such selection. When conditions are more conducive to effective selection, an otherwise latent ability to selectively attend to spatial locations in a sharply focused manner is revealed.
Theoretical Issues
Locus of selective attention. Our main finding--that attention can be focused so efficiently that unattended stimuli have virtually no influence on performance--is clearly consistent with early selection theories, including the strong version emphasized in the introduction. It is equally clear that this finding permits rejection of the strong form of late selection theory. The strong version simply has no mechanism to prevent elements appearing in to-be-ignored locations from
General Discussion

Empirical Issues
Overall effects. We have reported results from four experiments showing that under appropriate conditions, subjects 4 j. Duncan (personal communication, July 28, 1988) suggested that the metric predicting the effectiveness of early selection might be angular bearing around the circle irrespective of its radius. At present, there are no data to test Duncan's polar-coordinate view versus the number-of-intervening-items view.
being fully processed or to prevent the resulting object identities from influencing response times to attended objects. 5
In order to craft a late selection theory that can account for our results, one can make the following assumptions: (a) There exist numerous units for identified objects in different positions of the field, and these units can be separately activated; (b) selection at a late level (above local object-identity units) is very precise, so that only the to-be-attended object passes the attentional block; and (c) activation of preattentive object-identity units does not spread laterally at the preattentive level (no cross-connections) and does not spread to higher levels containing abstract (position-independent) identity units or semantic representations (no upward connections). 6 If there were any spread of activation through cross-connections (influence at the position-specific object-identity level) or through upward connections (influence at the semantic level), the processing of to-be-attended items would be affected-contrary to our data.
Although this restricted version of late selection theory is logically consistent with our data, it is not to our thinking especially attractive. On an empirical level, it has the drawback that if the hypothesis of preattentive associative connections is abandoned (to explain our data), the theory has difficulties explaining previous Stroop and flankers results when strong interference was found (one of the strengths of other versions of late selection theory). On a theoretical level, the restricted spreading-activation version of late selection theory is missing the essential spirit that motivated this class of models in the first place--the idea that much is computed before the locus of attention. What remains in the preattentive domain is activation of disconnected identity nodes, and nothing else. One might even question whether the activation of an identity node with no further associations to related identities or semantic properties really constitutes "full identification" at all. Be that as it may, we argue that by having narrowed the set of viable late selection theories in this way, we have learned something about the locus of selective attention: It cannot be as late as would have been supposed by classical strong versions of late selection theory, because the locus must be prior to activating associative connections and prior to the level at which a position-neutral semantic specification is activated.
A multiple locus model. We now take up the goal of developing an account that can accommodate both the present results showing extremely efficient focused attention and the documented findings of effective divided attention referred to above. One straightforward hypothesis is that in focused attention tasks, early selection is possible whereas in divided attention tasks, selection occurs at a later locus, after identities have been computed in parallel across a wide region. This hypothesis attributes to people the flexibility to obtain the best of both worlds: an early locus for selective attention under focused attention tasks (in which it is desirable to minimize the processing of to-be-ignored items) and a late locus under divided-attention tasks (in which it is desirable to process all items extensively). This "variable locus" hypothesis maintains the early selection account of the present results without having to explain away the substantial body of evidence supporting a late attentional locus in divided-attention paradigms.
One should note that there is no inconsistency in assuming an early selection mode, even though it is also assumed that the cognitive machinery for parallel processing of identities exists. As Pashler and Badgio (1985) pointed out, the "possibility of parallel identification of multiple items . .. by no means entails that such analysis always occurs unselectively" (p. 118). Suppose that there is an initial level of processors to extract physical features from the display, followed by another level of processors to compute the identifies of multiple stimuli in parallel. The interface between the feature level and the identity level provides an appropriate locus for an early selection control system to modulate the extent to which visual features across the field are passed on to the identity system. Even though parallel preattentive processing of identities is possible in this scheme, early selection still may be desirable for a variety of reasons, such as avoiding capacity limitations (e.g., Fisher, 1982) , reducing channel crosstalk, or reducing activation in the semantic or response systems that would otherwise burden selection at a late locus.
Furthermore, a late selection mechanism (e.g., Duncan, 1980) would be required in divided attention tasks to select one of the activated identity representations to be passed on for further computation by capacity-limited central mechanisms (e.g., decision-making operations, memory storage, or overt response preparation). Thus we propose that selective attention may be carried out in at least two distinct loci controlling both what raw material is fed into the objectidentification system (early selection) and which identities are fetched out of the system (late selection). Related ideas have been advanced by other investigators (e.g., Broadbent, 1982; Erdelyi, 1974; Eriksen & St. James, 1986; Johnston & Heinz, 1978; Keele & Neill, 1978; LaBerge; , Pashler & Badgio, 1985 .
This model allows people to engage in either early selection or late selection (or both), depending on task demands. This model can thus explain not only the highly successful limitation of processing in the present focused attention experiments but also the many demonstrations of successful divided attention as well as intermediate results. Divided attention results such as Miller's (1982) coactivation findings or Duncan's (1980) simultaneous monitoring results are attributed to postponement of selection until the late locus. Failures of focused attention, such as the interference effects often observed in the flankers task (e.g., Eriksen & Schultz, 1979) , are attributed to the leakage of feature information from to-beignored regions when early selection is incompletely or ineffectively focused; it should be noted that the model incorporates multiple identity units that can respond to the leaked information.
5 Or, to put it differently, the burden is on late selection theorists to explain why to-be-ignored stimuli in this task had only negligible effects, given that they were fully identified before selection.
6 One way to accomplish this would be to activate a pointer (e.g., a memory address) to the semantic representation of an object, while avoiding activation of the semantic representation itself. If interactions occur only among active semantic representations themselves (and not among pointers), the system would not show effects of foils in unattended locations.
This account retains the usual spreading-activation pathways that yield strong interactions among identity representations and activation of higher level (non-position-specific) semantic units. In our scheme, these interactions arise beyond the early selection locus but before the late selection locus; it is no longer helpful to describe them as being either "preattentive" or not.
Conclusion
Our results provide evidence that visual selection can be highly efficient, given optimal visual conditions and task incentives. Attentional selection can be virtually complete, so that to-be-ignored items produce remarkably small facilitative or interfering effects, even with highly primed response-incompatible items in adjacent locations, and essentially no effects at all arise for more distant locations. Thus our results show that focused attention accomplishes an important goal: allowing to-be-attended objects to be processed without interference from to-be-ignored objects. The mechanisms that could yield this result include an early selection process that passes only the attended information to an identification system and a rather restricted late selection process that does not permit any spread of activation from local identity units.
Results from our focused-attention paradigm leave open the possibility that there is also a true late selection option in divided attention tasks. We have advocated a hybrid model in which at least some degree of parallel identification is possible and attentional selection can be implemented at two loci. Attentional selection at an early locus can control which stimuli are passed into the identification system, and attentional selection at a late locus can control which identities are fetched out of that system for use by higher processes. If the two-locus model is correct, it is reasonable to expect that selection at the two loci will turn out to have at least some differences in functional parameters (e.g., temporal and spatial properties). The empirical search for such differences is one goal of future attention research.
